Deleterious role of superoxide dismutase in the mitochondrial intermembrane space.
This work demonstrates how increased activity of copper-zinc superoxide dismutase (SOD1) paradoxically boosts production of toxic reactive oxygen species (ROS) in the intermembrane space (IMS) of mitochondria. Even though SOD1 is a cytosolic enzyme, a fraction of it is found in the IMS, where it is thought to provide protection against oxidative damage. We found that SOD1 controls cytochrome c-catalyzed peroxidation in vitro when superoxide is available. The presence of SOD1 significantly increased the rate of ROS production in mitoplasts, which are devoid of outer membrane and IMS. In response to inhibition of respiration with antimycin A, isolated mouse wild-type mitochondria increased ROS production, but the mitochondria from mice lacking SOD1 (SOD1(-/-)) did not. Also, lymphocytes isolated from SOD1(-/-) mice produced significantly less ROS than did wild-type cells and were more resistant to apoptosis induced by inhibition of respiration. Moreover, an increased amount of the toxic mutant G93A SOD1 in the IMS increased ROS production. The mitochondrial dysfunction and cell damage paradoxically induced by SOD1-mediated ROS production may be implicated in chronic degenerative diseases.